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The Effects of a Borax -Boric Acid Solution 
on Cotton and Rayon Fabrics 
MELLA E. GINTER. KATHRYN DETRlNC, S IIlRLEY TITUS H ENLEY, 
EMMA LIVINCSTON 
The problem of controlling fire has confronted man for centuries. 
Progress in safer methods of heating and lighting greatly reduced the 
hazards in the past century. Present day hazards are found in the use 
of wearing apparel and furnishings with highly flammable finishes. 
Overcrowded buildings as well as atomic blasts are other possible 
sources of danger. 
Cotton fabrics and those made of the regenerated celluloses propa-
gate flame more readily than fabrics made of wool and silk. Moreover , 
finishes such as brushing and napping, which greatly increase fl am· 
mability, can be applied to fabrics made of most fibers. 
For centuries man has treated fabrics with various flame inhibitors 
using earthy compounds like clay and silicates, various metallic salts, 
chlorinated compounds, synthetic resins or a combination of these. 
In general, such compounds deposit soluble salts or precipitate insoluble 
compounds on or in the fabric. 
Many patented processes are on the market, all applicable for 
commercial treatment. Perhaps the best known process advocated for 
home use is that using a borax-boric acid solution in the proportions 
of 7 ounces of borax and 3 ounces of boric acid to 2 quarts of hot 
water.·' This treatment is not durable to washing. Using the recom· 
mended proportions of borax-boric acid, two separate studies were 
carried out: 
I. The solution was applied by hand immersion, then extracted by a 
rolier wringer and the fabrics horizontally dried. Three cotton fab-
r ics, two made of viscose and one of viscose and cotton were used. 
The fabrics varied in weight. 
II. Two of the cotton fabrics found to be made the most fire resistant 
by the treatment in Study I were used. The solution was applied 
in a washing machine with a spinner attachment. The fab rics were 
dried by two methods : hanging vertically, and in an electric dryer, 
'See Bibliography On pl,e 23. 
Th ll bulletin ia I re port on Department of Home Economics resnrch project 
number 13 entitled, "StrYicnbility of Textilu:' 
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The objectives for both studies were to determine: 
1. How the weight, breaking and tearing st rengths, thickness and 
shrinkage compared on the six treated fabrics. 
2. How various methods of immersing the fabrics in the solution 
as well as the several methods of drying affected the fire resis-
tance and add-on weight of two fabrics. 
Tests Used 
Fiber Identification of the rayons was determined by microscopic 
and burning tests. 
Yarn twists were expressed as turns per inch using an average 
of ten each of warp and filling yarns. For single ply yarns the untwist-
twist method was used. For the two ply yarns, the plying twist was 
determined by the untwist method. 
Sizing _ The nitric acid method of ASTM' was used on the cotton 
fabrics. Skinkles' extraction method," with a slight revision, was used 
for the quantitative evaluation of the resin finishes in the rayons. 
Yarn counts were determined from an average of ten tests each in 
the warp and filling direction. 
Shrinkage was determined by marking off pieces of known dimen-
sions. Three measurements in each direction were made on these 
pieces after laundering and treatment. The change from the original 
was expressed in percent. 
Weight was calculated in ounces per square yard from five, 2-inch 
square samples which were weighed on an analytical balance. 
Tearing strength was determined by the tongue method, using a 
Scott tester. An average of 5 tests in each of the warp and filli ng direc-
tions was used. 
Breaking strength was determined by the raveled strip method us-
ing a Scott tester. An average of ten strips from each of the warp and 
filling directions was used. 
Elongation was determined with the recorder of the Scott tester. 
Rate of Burning - The Flame-Rate Test as developed at Columbia 
University under NRC Project QMC #27 and described by Little' 
was used. Two tests in each warp and filling direction were made. 
The test strips, thirty inches long and two inches wide, were marked 
off in five inch intervals. The strips were dried for three hours at 
105°C., then dessicated for ten minutes. The test strip was suspended 
by a wire by means of small hooks placed at two and one-half inch 
intervals along the entire length of the strip. The frame holding the 
specimen was placed at an angle of thirty degrees to the horizontal 
with the fabric surface in a vertical plane. 
Pile fabrics were placed under a draft-proof hood and the fabric 
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well ignited at the lower end with a micro-burner. The time required 
for the flame to travel each five inch interval was recorded. The first 
and last five inch intervals were not timed as burning at these intervals 
is erratic. The burning rate of the fabric was expressed in terms of 
inches per second. 
Fire Resistance Test - Treated fabrics were tested on the test 
apparatus recommended by the American Association of Textile Chem-
ists and Colorists. Test strips ten by two and one-half inches were 
dried at lO5°e. until moisture equilibrium was established. Pretest-
ing showed moisture equilibrium was maintained in one hour and 
forty minutes for the heavy fabric. 
Before each test series the height of the burner flame was adjusted 
to one and one-half inches. The flame was ignited by the pilot attach-
ment to establish even gas pressure. Samples were taken directly 
from the drying oven and placed in the sample holder. The sample 
holder was mounted in place and the height adjusted so the end of the 
fabric would be suspended in the flame three-fourths of an inch. The 
test strip was ignited and kept in contact with the flame for twelve 
seconds. After-flaming and after-glow were measured with stop watches 
and recorded. 
Char Length - Test strips were removed from the sample holder 
of the fire resistant tester. Sman hooks were inserted in the sample, 
one on each side of the charred area, one-fourth inch from the outside 
edge and one-fourth inch from the lower end of the sample. A tearing 
weight, equal to approximately ten per cent of the weight required 
to tear the unburned cloth, was fastened to one side of the charred ' 
area. The other hook was raised gently and suspended until the fa bric 
could support the weight. That distance from the end of the tear 
made lengthwise of the sample through the center of the charred 
area was reported as char length. 
When the fabric strips burned completely in the tester, a value of 
10 was assigned for their char length since the strips were cut ten 
inches long. This may not have been a representative figure since the 
length of char might have been endless had the treatment not been 
effective but in order that an average be given for the 5 strips, a value 
had to be given for each strip. This seemed to give a more true picture 
of the performance of the fabric than to average the char length of 
only those fabrics that did not completely burn. 
Terms Used in Study 
Since some of the terms used in the studies are new and some 
tentative, a few are listed with their meaning. 
Add-On - The weight increase of the fabric due to the absorption 
of the fire retardant solution after treatment. 
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After-Flame _ The time in seconds during which the fabric flames 
after the source of flame has been extinguished. 
After-Glow ~ The time in seconds during which the fabric glows 
after all flaming has ceased. 
Char Area _ The blackened area resulting after all flaming and 
glowing has ceased. 
Char Length _ The distance from the end of the specimen which 
was exposed to the flame , to the end of the tear made lengthwise of 
the specimen through the center of the specimen's charred area. 
Fire Retardant _ A substance which renders inflammable material 
less capable of supporting combustion and flame spread. 
I . THE EFFECTS ON THREE COTTON AND THREE RAYON 
FABR1CS PRODUCED BY HAND APPLICATION OF A 
BORAX·BORIC ACID SOLUTION WITH HORIZONTAL 
DRYING 
Plan For Testing 
Three cotton fabrics: sailcloth, batiste and outing flannel along 
with three rayons: lining fabric, Yippi and corduroy (cotton warp, 
viscose pile and filling ) were used. Four sets in duplicate were made 
of each fabric which were represented by the foliowing treatments : 
1. As.purchased 
2. As·purchased, treated 
3. Laundered 
4. Laundered, t reated 
The laundering procedure was carried out in an automatic washer 
according to the instructions of the manufacturer. The temperature of 
the first wash water was 50°C. The washer load was kept at nine 
pounds. Since Columbia water is hard, one and one·half cupfuls of a 
built synthetic detergent was used. 
The pile and napped fabrics were washed and dried separately 
to avoid a deposit of lint on the other fabrics. Drying was done by an 
automatic dryer. The treated fabrics were hand immersed in the borax· 
boric acid solution using the proportions of seven ounces of borax and 
three ounces of boric acid dissolved in two quarts of hot water. The 
solution was cooled before being applied. The fabrics were agitated 
slowly for five minutes after which they were folded in thirds and 
put through a rolier wringer of a washing machine. They were dried 
horizontally on frames or stretched between lines in freely circulating 
air. The dry fabrics were pressed with a steam iron. The napped and 
pile fabrics were shaken to help raise the nap. All the fabric swatches 
were prepared for testing in accordance with a plan providing random 
sampling. 
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Whenever specified by the test procedure, the fabric swatches were 
conditioned in a conditioning room before making the lest. 
RESULTS 
The As-Purchased Fabrics 
The fabrics , as-purchased, were analyzed in the hope that their 
reactions toward the borax·boric acid solution might be better under-
stood. (Table 1.) 
The three fabrics: sailcloth, batiste and outing Hannel were aU 
cotton; corduroy had a cotton warp with a viscose filling and pile. The 
lilting and Yippi were aU viscose. 
The yarns in the fabrics varied greatly in twist. Sailcloth had fewer 
twists than the batiste or outing flannel and the yarns were two ply. 
Batiste was made of hignly twisted single ply yarns; outing flannel 
also had single ply yarns with less twist than found in the batiste. The 
lining fabric was made of mulU·filament yarns with almost no twist; 
Yippi had three ply yarns with sixteen and seventeen turns per inch 
in the plying yarn; corduroy was made of single ply yarns with about 
the same number of turns per inch as the Yippi. 
The lining fabric and batiste were high in count but very light in 
weight, weighing about 2 and 3 ounces respectively. Sailcloth, outing 
flannel and Yippi were quite similar in count ; corduroy was higher in 
count with an extra set of filling yarns to form the pile. The weights 
of the four last mentioned fabrics ranged between 4 .7 and 6.5 ounces 
per square yard. 
Outing flannel was the thickest fabri c, corduroy next, sailcloth and 
Yippi were similar and ranked next. Batiste and the lining fabric were 
thin. 
The cotton fabrics contaiMd less than 1 percent sizing; corduroy had 
1.4 percent; Yippi contained 12 percent of resin finish whereas the 
lining fabric had only about .2 percent. 
The Treated Fabrics 
The effectiveness of the fire retardant solution can best be noted by 
comparing the properties of the treated fabrics with the similar , un· 
treated fa brics. 
Rate of Burning _ The rate at which the untreated fabrics burned 
was determined. (Table 2, Fig. 1. ) 
Untreated Yippi burned much slower than the other fabrics; sail· 
cloth ranked second and the lining fabric third. Outing flannel burned 
the most rapidly, followed by batiste and corduroy. The high amount 
of resin finish in the Yippi may have inhibited burning. The fact that 
sailcloth was a very heavy fabric made of rather firmly constructed 
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TABLE 2 -- RATE OF FABRICS m SECONDS 
• 31.9 30.0 38.2 211.8 
" 
13.4 10.0 55.0 62.3 
" 
106.3 102.0 70.& &3.& 
20 137.2 134.0 84.3 125.0 
Batllte • 13.8 
, .. • •• 10.0 
" 
31.0 20.6 22.5 24.3 
" 
42.5 33.8 35.3 38.0 
20 ".7 45.2 45.7 !l0.8 
OUtI .... Flannel • ••• ••• 7.0 7.3 
" 
18.3 19.8 13.8 13.2 
" 
27.3 2&.5 20.0 19.8 
20 35.0 38.0 26.0 26.2 
Llnl", • 1&.8 15.8 19.3 21.3 
" 
45.8 34.3 3&.0 50.0 
" 
71.3 41.3 64.8 77.8 
20 ".S 61.3 95.8 101.3 
Ylppl • 48.4 42.3 48.0 47.& 
" 
102.5 7&.0 91.4 107.9 
" 
152.5 124.3 1311.0 18&.0 
20 199.8 178.8 185.0 224.8 
Cor duroy • 16.0 ••• 20.0 10.1 
" 
29.3 13.5 37.0 20.5 
" 
41.0 UI.S .... 30.3 
20 53.' 26.0 64.5 36.5 
S ~SaUclo\h 
BwBatllte 
200 O- Outinr Fli/.nn.,l 
L - Llnlnr 
>150 
Y.Ylppl 
• 
CwCorduroy 
• • . ~Warp 8100 
~ 
O'Fllllni 
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S • 0 L Y C 
F1gure 1.-COmbustabllIty of alx fabrics. 
yarns in a fiat weave may have influenced the rate at which It burned. 
The napped finish of the outing flannel and the pile! construction of 
corduroy would make it possible to enmesh air, thereby increasing the 
rate of burning. Batiste was firmly woven with firmly twisted yarns 
Fabric Warp FUltng Warp FUling Warp 
Sailcloth 4.6 4.7 0.0 0.0 23B 
Batiste '.1 ' .7 0.0 0.0 20 13 5.7 7.4 0.0 0.0 • • 
Outing Flannel 3.3 3.1 0.4 0.0 46 71 3.' ' .7 0.0 0.0 138 115 
Lining ' .0 .. 0.6 .. 207 .. '.0 .. 0.3 .. 264 •• 
Ylppl 5.2 4.3 0.1 0.0 19 1. 6.7 7.4 1.4 4.0 17 18 
Corduroy 3.7 4.0 0.0 0.0 185 -210 '.4 3.5 0.0 0.0 176 161 
·When the entire 10 Inch sh'ip of fabric was consumed a value of 10 was used In cal(!ulatlng the average. 
"Error made in testing, made Incomplete results. 
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Figure Z.--char length of six fabrle~ . 
11 
AP- As Purchased 
L ' Laundered 
I - warp 
o -Fillini 
S -Sailcloth 
B: Bat iste 
O- Outing Flannel 
LoLinini 
Y-Yippi 
C · Corduroy 
but very thin and light in weight. Also the lining fabric was thin and 
light in weight with almost no yarn twist but rather closely packed 
yarns. 
The aforementioned qualities of the batiste and lining fabric might 
have contributed to their rate of burning. Sailcloth and outing flannel 
burned faster after laundering; corduroy, more slowly. The other 
three fabrics burned faster warpwise but slower fillingwise after 
laundering. 
Fire Resistance _ The char lengths obtained for the treated ba· 
tiste, the lining fabrics and the laundered treated Yippi were not low 
enough to make them adequately protective according to standards 
set up by AATCC. (Table 3, Fig. 2. ) 
According to this standard, fabrics weighing 2.0·6.0 ounces per 
square yard before treatment are allowed a maximum char length of 
6.5 inches for anyone specimen. The maximum permissable average 
char length should not exceed 5.5 inches. Fabrics weighing from 6.0 
to 9.5 ounces per square yard are allowed a maximum char length 
for any specimen of 5.5 inches. The maximum permissible average 
char length should not exceed 4.5 inches. 
ASTM specifications are more severe, with an average char length 
not in excess of 3.5 inches and the maximum length of char for any 
one specimen not exceeding 4.5 inches. 
The most satisfactory char lengths were obtained for the outing 
flannel, corduroy and sailcloth. It should be noted that the untreated 
outing flannel burned the most rapidly, closely followed by corduroy. 
Of these fabrics, the char lengths of the as-purchased treated sail· 
cloth and outing flannel were significantly shorter than those of the 
laundered treated. The opposite was true for the corduroy. 
Specifications of after-flaming not in excess of two seconds are 
the same for both ASTM and AATCC. After glow as specified by 
Little' should be less than four seconds. There was no after flaming 
in any of the fabrics with the shorter char lengths, i.e. sailcloth, outing 
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flannel and corduroy and only a very small amount in the as·purchased 
treated Yippl. The after glow in the sailcloth was about 4 minutes, 
about 3 minutes for corduroy and less for the outing flannel. (Fig. 3.) 
Thickness _ The high percentage of resin finish In the Yippi 
likely accounted for the fact that this was the only fabric that did not 
thicken afte r laundering. (Table 4.) With the exception of Yippi and 
corduroy, the as-purchased fabrics thickened more after treatment than 
the laundered fabrics thickened after treatment. 
20 
5 
AP·As Pun,hased 
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Weight _ Add-on weights were significantly higher in a\! the as-
purchased treated than laundered treated fabrics except Yippi and 
corduroy. (Table 5.) In the corduroy there was also a difference but in 
the Yippi the values were approximately the same. The high amount 
of resin finish found in the Yippi might explain the lack of change in 
the weight in this fabric. 
The greater add-on weights were generally found in the fabrics 
that were thicker before treatment. (Tables 4 and 5.) Although the 
laundered fabrics, except Yippi, were thicker than the unlaundered, 
their add·on weights were less. Perhaps, these fabrics became more 
compact as well as thicker thereby lessening their receptiveness to 
the borax·boric acid solution. 
In the as·purchased treated fabrics, there seems to be some rela-
tionship between amount of add-on weight and the char lengths pro-
duced with the greater add-on weights giving the shorter char lengths. 
(Tables 3 and 5.) 
Breaking Strength - In the fabrics with the most satisfactory char 
lengths, the breaking strengths were lower in the treated than untreated 
fabrics. (Table 6, Fig. 5.) The only exception to this was the laundered 
treated corduroy where the strengths were slightly higher than for 
the laundered untreated. A very marked decrease in strength was noted 
in the treated outing flannel. 
Elongation - Most frequently the decreases in breaking strength 
were accompanied by decreases in elongation in the fabrics previously 
mentioned. (Table 7.) 
Tearing Strength - With but one exception, tearing strengths of 
the treated fabrics were the same or lower than in the untreated. 
(Table 8.) These differences were most pronounced in the fabrics with 
original strengths of several pounds or more. In fabrics like batiste 
and the lining fabric, it was felt that the strengths were too small to 
be accurately recorded. 
Shrinkage - Usually, the greatest shrinkage was found in the 
fabrics that had been laundered without treatment; the laundered 
treated followed next. The fabrics that were treated without launder-
ings shrank least. These tendencies indicated that the treatment may 
have tended to stabilize dimensions. (Table 9. ) 
SUMMARY AND CONCLUSIONS 
Three cotton and three rayon fabrics were treated by hand immer-
sion in a fire retardant solution made of borax and boric acid. The 
fabrics were put through a roller wringer of a washing machine to 
extract the moisture. They were dried horizontaUy. 
All fabrics were divided into as·purchased and laundered lengths, 
TABLE 6 -- BREAKn'lG STRENGTH _ POUNDS PER INCH STRIP AND PERCENTAGE CHAl;I'GE AFTER 
TREATMENTO:E 
AI Purchased Percen 
'"'- -_._ .. "' ... -
DatiMe 6.3 14.6 7.3 15.6 +16.6 ... 7.1 7.' 18.8 7.3 15,6 - 1.2 *16.7 
Outing Flannel ' .3 24.0 ••• 17.7 +12.6 _26.1 16.7 21.9 14.6 16. 'J *12.5 *23.8 
Lining 18.8 16.7 18.8 11.7 - 0.3 -30.2 20.8 20.8 24.0 10.4 +15.1 -50.0 
Ytppl 12 .5 29.2 6.3 24.0 *49.8 *17.8 14.8 31.2 12.4 29.2 - 14.4 - 6.4 
Corduroy 10.4 20.8 6.3 24.0 - 39.4 +15.3 .. , 25.0 6.3 21.9 -24.1 -12.8 
TABLE 8 ** TEARING STRENGTH - HI POUNIX3 AND PERCENTAGE CHANGE AFTER TREATMENT OF 
Sailcloth 11.0 13.3 5.6 7.' - 49.09 *44.36 10. 8 11.4 '.7 .. , -56.48 -62.28 
Batiste 0.7 0.6 0.7 0.6 0.0 0.0 1.0 1.0 0.6 0.7 _40.00 -30.00 
Out~ Flannel 2.1 2.' 0.9 1.0 - 5'U4 -64.29 1.6 2.6 1.1 1.1 -31.25 - 57.69 
Lintne: 0.7 0.5 0.6 0.5 -14.29 0.0 1.0 1.0 0.6 0.7 _20.00 -30.00 
Ylppl 2.1 2.2 2.3 2.0 + 9.52 - 9.09 7.3 5.7 2.' 1.7 -67.12 -70.18 
Corduroy 1.0 0.5 1.0 0.5 0.0 0.0 1.2 0.6 1.0 0.6 -16.67 0.0 
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~T~AB~L~E~'~-~- ~S~HR~INKA~~G~E~£~~;; m PERCENTAGE) OF SIX FABRICS 
Treated Lallndered Treated 
Fabr iC Warp FIll!flg Warp Flllllii Warp FIll!l\i 
SaUcloth 1.42 1.17 5." 2.44 2.58 1.30 
Batl.te 2.18 3.15 3.47 5.50 2.78 2,113 
Outing Flannel 8.73 0.47 11.22 °0.14 8.52 °2.81 
Lintn& 3.75 3.10 8.15 4.40 9.70 3.45 
ytppl 0.95 0.00 2.20 2.20 2.20 0.80 
Cor<hlr~ 1.90 3.10 4.10 5.00 3.80 4,10 
· Indlcates stretch 
balf of which were treated with the fire retardant solution and the 
other half left untreated for comparison. Yarn twists, sizing and rate 
of burning were determined on the untreated fabrics. Tests for thread 
count, weight, tearing strength, breaking strength and elongation 
were made on both untreated and treated fabrics. Char length was 
determined on only the treated fabrics . Generally, procedures set up 
by ASTM and AATCC were followed using the same method of ran-
dom sampling on all lengths of the test strips. 
Since outing Bannel, a napped fabric, and corduroy, a pile fabric, 
burned the most rapidly before treatment but were the fabrics that 
produced the shorter char lengths after treatment, it would seem that 
the fire retardant treatment used here has good possibilities. The re-
sults also indicated that the treatment is more effective on fabrics be· 
fore than after they have been laundered. Lowered breaking and tearing 
strength can be expected to result from the treatment used here; 
shrinkage can be expected to be reduced. 
II. THE EFFECTS ON TWO COTTON FABRICS PRODUCED 
BY APPLYING A BORAX-BOBIC ACID SOLUTION IN 
A WASHING l'fACHINE AND DRYING VERTICALLY 
AND IN AN ELECTRIC DRYER 
Since the fire retardant effects produced in the first study were not 
entirely satisfactory, a second study was made varying the method of 
applying the borax-boric acid solution and the method of drying after 
treatment. The fabrics were limited to cotton sailcloth and outing 
Hannel, similar to those used in the first study. 
Plan for Testlng 
Duplicate pieces of sailcloth and outing Bannel were divided into 
sh: different lengths. The lengths represented six kinds of treatment 
and were named as follows: 
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TABLE 10 -- A DESCRIPTION OF THE UNTREATED SAILCLOTH AND OUTING 
FLANNEL 
SailclOth outing F lannal 
Yarns 
TwbU per Inch _ warp 11.3 S 19.3 Z 
and direction filling 10.7 S 14.3 Z 
'" 
-=p 2 2 
fUling 2 2 
Thread CO\lJ\t _ warp 55.0 46.8 
filling 35.4 41.4 
Weight 
Ounce per sq. yd. 
••• '.0 
sizing In ~rcent 
." ." 
1. As purchased 
2. As purchasd treated, vertically dried 
8. As purchased treated, electrically dried 
4. Laundered 
5. Laundered treated, vertically dried 
6. Laundered treated, electrically dried 
In this experiment the laundering and pressing were done as in the 
first experiment but the method of applying the fire retardant solu-
tion was changed. A washing machine with a spinner attachment was 
used. The fabrics were agitated in the solution for five minutes, then 
spun for three minutes to extract the excess solution. Half of the treated 
fabrics were hung vertically to dry, the other half were dried in an 
electric dryer. 
To measure the evenness of the penetration of the salts, the sam-
pling was done by taking a separate set of test strips from both the 
top and bottom sections of each fabric. A plan was worked out whereby 
the same random sampling was carried out for each test strip. 
The tests were limited to those for weight and char lengths and 
were carried out using the same procedure as described in Section I. 
RESULTS 
The As-Purchased Fabrics 
Although the sailcloth and outing flannel were bought at a different 
time than those in Part I they were quite similar in quality. See Tables 
1 and 10. 
The sailcloth was made of two ply warp and filling yarns with 
about eleven turns per inch in each ply. The outing flannel was made 
of singles with approximately 19 and 14 turns per inch in the warp 
and filling yarns respe<!tively. 
The total warp and filling cdunt for both fabrics was approximately 
the same. However, the sailcloth was more poorly balanced. 
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There was little sizing in either fabric. Sailcloth was heavier than 
the outing flannel. 
The Treated Fabrics 
Fire Resistance - The char lengths for both fabrics fell within the 
range recommended by the AATCC. (Table 11, Fig. 6.) They were 
slightly less in the outing flannel than in the sailcloth. 
The char lengths were lower for the sailcloth in this experiment 
than in the first where the solution was applied by hand. (Figures 2 
and 6.) The char lengths of the outing flannel from both experiments 
were nearly the same. 
The average char length for both the as·purchased and laundered 
treated sailcloth was 3.8 inches. In the outing flannel the average for 
the as-purchased fabric was 3.1 inches and 3.7 for the laundered. The 
difference was found to be significant. 
A significant difference was found between both the vertically 
dried and electrically dried sailcloth and outing flannel, the char 
lengths were 3.7 inches for the vertically dried and 3.9 for the electri-
cally dried sailcloth and 3.2 inches for the vertically dried and 3.6 
for the electrically dried outing flannel. 
No significant difference was found between the top and bottom 
sections of either fabric; the length of char for the sailcloth was 3.8 
for the top and 3.9 for the bottom, 3.3 for the top of the outing flannel 
and 3.5 inches for the bottom sections. The method of significance be-
tween means was used to determine the significance of the char 
lengths. 
No after flaming occurred in either fabric. The after glow in the 
j :r lllllllJ IlIJ 
APL VE TB 
Sailcloth 
I : Warp o :Filling 
AP:As Purchased 
L:Laundered 
V:Vertically dried 
E=Electr icaUy dried 
T:Top 
B" Bottom 
Ill] Illl Illl 
AP L VE T B 
Outing F lannel 
FllW"f> 6.--Char 1I!ncth of salkloth. a.nd outiJ>g ftanne l. 
~ 
0 
TABLE 11 __ CHAR LENGTH, AFTER FLAME AND AFTER GLOW OF TREATED SAILCLPTH AND OUTING 
FLANNEL 
Warp FUUng 
11 Cha, A.F, · A.G. " Ch" A.F.· A.G." 
in '0 '0 m m '0 ~ Fabric Treatment Position Inches Seconds Seconds Inches Seconds Seconds 
Sailcloth As purchased treated Top 3.74 0 210 3.76 0 19. ~ 
vertically dried Bottom 3.71 0 152 3.50 0 
'" ~ As purchaaed treated Top 3.88 0 230 3.72 0 216 ~ 
electrically dr ied, Bottom 4.41 0 169 3.96 0 216 n e 
Laundered treated Top 3.75 0 195 3.70 0 202 i vertically dried, Bottom 3.59 0 151 3.65 0 16' Laundered treated Top 3.95 0 233 3.47 0 215 r 
electriCally dried, Bottom 4.06 0 249 3.9'7 0 
'" ~ . 
Outing Flannel As purchased treated Top 3.1 0 0 B5 2.99 0 54 • 
" vertically dried. Bottom 3,30 0 95 2.98 0 
" ~ AI!J purc hased treated Top 2.94 0 67 3.10 0 
" " • e lectrically dried. BottOm 3.33 0 100 3.30 0 
" " Launder ed treated Top 3.34 0 
" 
3,17 0 76 ~
vertically dried. Bottom 3.19 0 95 3.30 0 101 ~ ~ 
Laundered treated Top 3.80 0 85 Ul 0 9'7 0 
• etectrlcalll dried. Bottom 4.57 0 109 US 0 '00 iA.F. __ After flame 
"A.G. -- After glow 
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sailcloth was more than three minutes; in the outing it was less than 
two minutes. (Figure 7.) After glow was greater in the laundered 
treated than in the as-purchased treated; and greater in the electrically 
than vertically dried. In the sailcloth, the after glow was greater in 
the top than bottom section; in the outing flannel the reverse was 
true. 
• 1: 
oS 
Sailcloth 
I "Warp 
o : Filling 
AP : As Purc hased 
L : Laundered 
V:Ve rtic ally dried 
E : E lectrically dried 
T : Top 
B:Bottom 
L V E T B 
Outing Flannel 
ngw-e 'j~A1ter-glow of ..... lleloth and outing ftanJIel. 
Weight - In both fabrics the add-on weights were greater for the 
as purchased than for the laundered fabri cs. (Figure 8.) In the sail-
cloth the add-on weight was 9.4 per cent for the as-purchased and 
6.1 for the laundered fabrics. These add-on weights were similar to 
those found for sailcloth in the first experiment. In the outing flannel 
the as-purchased fabrics averaged 14.4 percent and the laundered aver-
aged 7.6 percent increased weight. These add-on weights were lower 
than those found for outing flannel in the first experiment. In both 
fabrics the differences between the add-on weights of the as-purchased 
treated and laundered treated were found to be significant when using 
the method of the difference of the means. When using analysis of 
variance, significance was found only in the sailcloth at the 10 percent 
level and in the outing flannel at the 5 percent level. 
In the sailcloth the vertically dried fabrics averaged 6.4 percent, 
the electrically dried 9.1. Analysis of variance showed a significant 
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TABLE 12 __ WEklHTS IN OUNCES P ER SQUARE YARD AND ADD-ON WEK:HT8 Ill' 
FIobr ic 
.. "'-
Outl .. FIu".t 
20 
15 
-c 
0 10 r 
-8: 5 
PERCENT OF !LI.ILCLOTK AND OUnNG rLA..'ffl EL 
Tr ... tment 
A._pur ch .... d 
~_purcb .... d 
treated 
nr1lcall, died 
" a -PIU'cb& .. d 
treated 
e\eetrlcaUy 1lr14c1 
Lt._ .... 
Lt._red, lruted 
verticaLly dried 
Lo.un.s. •• d, t ... toId 
electrically dried 
A'-pu!'clla-.d 
M_purclll...,d 
tnatotd 
.'1"11<: .. 11, drle<l 
M_purCr._, 
lrHted 
electrically dried 
Lawu!end 
lAundered, truted 
".rtic .. U, drIed 
Lauacln.,;\, tr,,,,.d 
e*=trlcLUl dra.d 
r 
VET B 
Sailclo~ 
• 
M •• 0,. 
6.47 
6.D' 
UO 
6.68 
.... 
7.21) 
S.ts 
4.41 
4.41 
4.12 
4.52 
4.33 
'" 
BOtiOID 
Add-on W''I(1)1 wt. In Add-on w eICht 0,. ~ 0<- 0.. ~ 
6.51 
. " .... 7.05 ... 1.S0 
.n 12.67 1 .1' 
." '.44 
1$.10 
." 4.1 ' '.M ." ~.82 
." 7.78 7 .14 ... 6.57 
3.'8 
... IS." 4.51 
." IS," 
." n.n .. " ... 1$,33 
4.1 3 
." 
11. 71 <1.50 .n 
." 5.10 4.39 ." 
AP" As Purchased 
L "' Laundered 
V; Vertically dried 
E;Electrically dried 
T ~Top 
B - Bottom 
APLVETB 
Outing F lannel 
8.116 
6,U 
F1p!"e 8~Add-o" 'OI'f:ll"hts of I&IIclo th IUId o,,~ IIAIuod. 
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difference at the 5 percent level for only the laundered fabric. In the 
outing flannel the vertically dried was 11.5 and the electrically dried 
10.4 percent. This difference was not significant. No significant differ· 
ence was found between the top and bottom sections of the fabrics, 
the weights being B.1 for the top and 7.4 percent for the bottom in 
the sailcloth; the percentage of add·on weight was 10.7 for the top 
and 11.2 for the bottom in the outing flannel. This indicated an even 
distribution of the salts throughout the fabric . 
SUl'IIi\IARY AND CONCLUSIONS 
Two cotton fabrics , sailcloth and outing il.annel, were treated with 
a fire retardant solution made of seven ounces of borax and three 
ounces of boric acid in two quarts of water. The treatment was given in 
a washing machine with a spinner attachment. 
The cotton fabrics were divided into as-purchased and laundered 
lengths, half of which were treated with the fire retardant solution 
and the other half left untreated for comparison. Some lengths were 
vertically dried and some were dried in an electric dryer. Strips for 
weight and char length were taken from both the top and bottom sec· 
tion of the fabric using the same method of random sampling for all. 
Generally, procedures set up by ASTM and AATCC were followed. 
Since the as-purchased fabrics had greater add-on weights and 
shorter char lengths than did the laundered fabrics, one might con-
clude that laundered fabrics are less effective in taking up the fire 
retardant solution. A slightly less effective fire retardant effect might 
be expected from fabrics that have been dried in an electric drier than 
from fabrics that have been hung vertically on a line. Even penetra-
tion of the salts should be expected from either method of drying. 
One might expect a somewhat better degree of fire protection in outing 
flannel than sailcloth, probably due to the nature of the thick napped 
surface of the ('>uting flannel. Shorter char lengths might be expected 
by applying the fire retardant salts in a washing machine than by hand 
dipping of the fabric. 
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